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ASTM STANDARD ENGLISH 
REINFORCING BARS

RECOMMENDED END HOOKS, 
APPLICABLE TO ALL GRADES

STIRRUP AND TIE HOOKS, 
APPLICABLE TO ALL GRADES COMMON STOCK STYLES OF WELDED WIRE FABRIC

STEEL AREA 
(INCHES2PER FT.)

NOMINAL DIMENSIONS 1800 900 900 135°
HOOKS HOOKS HOOK HOOK STYLE

DESIGNATION
APPROX. WEIGHT 

(LBS. PER 100 SQ. FT.)
LONGIT. TRANS.AREA. WEIGHT 

(INCHES^) (LBS./FT.)
BAR DIAMETER

(INCHES)SIZE D AORG J AORG D AORG AORG H
ROLLS

2'/4 iy2 2h3 0.375 0.110 0.376 3 6 6x6-W1.4xW1.4 0.028 0.028 215 4 4

4]/2 4]/24 0.500 0.200 0.668 3 6 4 8 2 3 6x6-W2.0xW2.0 0.040 0.040 29

33/4 33/42Vi 5l/20.625 0.310 1.043 10 6 6x6-W2.9xW2.9 0.058 0.058 425 7 5

4]/2 4l/2 4l/26 0.750 0.440 1.502 8 6 1-0 1-0 8 6x6-W4.0xW4.0 0.080 0.080 58

5% 5% 5]/40.875 0.600 2.044 10 1-2 1-2 9 0.042 0.042 317 7 4x4-m.4xW1.4

10]/28 1.000 0.790 2.670 6 8 6 6 4x4-W2.0xW2.0 0.060 0.060 4311 1-4 1-4

11%9]/29 1.128 1.000 3.400 1-3 4x4-W2.9xW2.9 0.087 0.087 621-7

10% l-l]/410 1.270 1.270 4.303 1-5 1-10 4x4-W4.0xW4.0 0.120 0.120 85

1-2%11 1.410 1.560 5.313 1-0 1-7 2-0 3x3-W1.4xW1.4 0.056 0.056 39

1-9%l-6]/41.693 2.250 7.650 2-3 2-7 SHEETS14
2-4l/218 2.257 4.000 13.600 2-0 3-0 3-5 6x6-W2.9xW2.9 0.058 0.058 42

6x6-W4.0xW4.0 0.080 0.080 58

6x6-W5.5xW5.5 0.110 0.110 80

4x4-W4.0xW4.0 0.120 0.120 85

STIRRUP AND TIE HOOKS

180° AND 90° END HOOKS
DETAILING HOOK DETAILING

O <• O D=>

DIMENSION AORG DIMENSION
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6. DETAILS AND NOTES AS SHOWN UNDER THIS DETAIL ARE SOLELY FOR FABRICATION OF REINFORCEMENT BAR. FOR 

FURTHER GUIDANCE ON DESIGN AND DETAILING OF BAR REINFORCEMENT, REFER TO SECTIONS 106, 107, 109, AND 205.ENLARGED VIEW SHOWING BAR BENDING DETAILS
7. TYPICAL REINFORCEMENT BAR BEND NOTES' ARE AUTOMATICALLY GENERATED BY THE REBAR PROGRAM.
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TYPICAL REINFORCEMENT BAR BEND NOTES
1. DETAILS SHOWN ON SHEET 1 REPRESENT BAR BEND TYPES.
2. ALL DIMENSIONS ARE 0UT-T0-0UT, EXCEPT "A" AND "G" ON STD. 180° AND 135° HOOKS.
3. "J" DIMENSIONS ON 180° HOOKS TO BE SHOWN ONLY WHERE NECESSARY TO RESTRICT HOOK SIZE, OTHERWISE STANDARD 

'ACT HOOKS ARE TO BE USED.
4. WHERE "J" IS NOT SHOWN, "J" WILL BE KEPT EQUAL TO OR LESS THAN "H" ON TYPES ©, ®  AND (22). WHERE "J"
CAN EXCEED "H", IT SHALL BE SHOWN.

5. "H" DIMENSIONS OF STIRRUPS TO BE SHOWN AS NEEDED TO FIT WITHIN THE CONCRETE.
6. UNLESS OTHERWISE NOTED, DIAMETER "D" IS THE SAME FOR ALL BENDS AND HOOKS ON A BAR (EXCEPT FOR BEND 

TYPES® AND©).
1. WHERE SLOPE DIFFERS FROM 45° OFFSET, "H" AND "K" MUST BE SHOWN.
8. WHERE BARS ARE TO BE BENT MORE ACCURATELY THAN STANDARD BENDING TOLERANCES, BENDING DIMENSIONS 

REQUIRING CLOSER FABRICATION SHOULD HAVE LIMITS INDICATED.
9. FOR RECOMMENDED DIAMETER "D", OF BENDS, HOOKS, ETC., REFER TO THE TABLE ON THIS SHEET.
10. TYPES @ - @,@-© AND © - © ARE APPLICABLE TO BAR SIZES #3 THROUGH #8 ONLY.

GENERAL NOTES
1. ALL REINFORCEMENT STEEL BARS SHOWN SHALL MEET THE REQUIREMENTS OF ASTM A615, AT06, A767, A775, A955, 
OR A1035.

2. ALL REINFORCEMENT STEEL BARS SHALL BE DEFORMED UNLESS OTHERWISE SPECIFIED ON THE PLANS.
3. ALL REINFORCEMENT STEEL BARS SHALL BE DENOTED BY ITS BAR SIZE.
4. ALL MARK 'LOCATION PREFIXES' SHALL CONSIST OF TWO LETTERS AND ARE AS FOLLOWS:
AB = ABUTMENT, AS = APPROACH SLAB, BC = BOX CULVERT, BW = BACKWALL, CL = COLUMN, DK = DECK,
DL = DOWEL, DP = DIAPHRAGM, FT = FOOTING, HW = HEADWALL, MB = MISC. BARS, MS = MOMENT SLAB,
PA = PARAPET, PR = PIER, RF = RIGID FRAME, SC = SHEETPILE CAP, SS = SLEEPER SLAB, TW = T0EWALL,
WL = WALL (UNIQUE LOCATION), AND WW = WINGWALL.

5. BAR MARK SUFFIXES:
A. SUFFIX DENOTES EPOXY COATED BAR REINFORCEMENT
B. SUFFIX 'G' DENOTES GALVANIZED BAR REINFORCEMENT
C. SUFFIX 'S' DENOTES STAINLESS STEEL BAR REINFORCEMENT

DESIGNER NOTES
1. BAR MARKS MUST BE NAMED IN THE FOLLOWING FORMAT:
LOCATION PREFIX --> BAR SIZE --> MARK COUNT (TWO DIGITS) --> SUFFIX 'E1, 'G1, 'S', OR BLANK (FOR BLACK BAR) 
FOR EXAMPLE: AB501E, BW617G, MS537, OR DK719S, ETC.

2. SPLICING & LAPPING OR REINFORCEMENT BARS:
- ALL INFORMATION PERTAINING TO MINIMUM REQUIRED SPLICING & LAPPING LENGTHS SHOULD BE CLEARLY SHOWN ON 

THE PLANS.
- MINIMUM LENGTHS MUST BE IN ACCORDANCE WITH A5.10.8 FOR REINFORCING BARS AND WELDED WIRE FABRIC.
- INCREASE THE BAR LAPS BY 20% FOR A THREE-BAR BUNDLE. ADD 33% FOR A FOUR-BAR BUNDLE. DO NOT OVERLAP 

INDIVIDUAL BAR SPLICES WITHIN THE BUNDLE.

3. REFER TO THE ENGINEERING INSTRUCTIONS DOCUMENT: BR-10-001 FOR GUIDANCE ON INSTALLING AND USING THE 

DELDOT REBAR SHEET PROGRAM. THE DOCUMENT CAN BE FOUND IN THE FOLLOWING LINK:
http://www.deldot.gov/information/business/drc/pd_files/plan_development/ei-br-10-001_rebar_program.pdf

4. ALL STANDARD BAR BENDS WILL BE INDICATED ON THE REBAR SCHEDULE. THE SUPPLEMENTAL BAR BENDS USED FOR 

THE PROJECT WILL BE SHOWN ON THE REBAR SCHEDULE.

5. ALL INFORMATION PERTAINING TO WELDED WIRE FABRIC ON THIS SHEET ARE FOR INFORMATION PURPOSES ONLY. 
WELDED WIRE FABRIC IS NOT INCLUDED IN THE REBAR PROGRAM AND THEREFORE WILL NOT BE SHOWN ON THE REBAR 

SHEET.
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	5. Existing Conditions:  Unless removal is warranted and documented through the design process, roadways with existing roadside protection should be designed to include roadside protection. Designers should propose to meet existing conditions at a min...


	103.3.4.3 Over Railroads

	103.3.5 Vertical Clearance
	103.3.5.1 Over Rivers, Streams, Wetlands, Floodplains
	103.3.5.1.1 Over Navigable Waterways

	103.3.5.2 Over Roadways / Grade Crossings
	103.3.5.3 Over Railroads

	103.3.6 Bridge Skew
	103.3.7 Approach Slabs

	103.4 Structure Type Selection
	103.4.1 Bridge Types
	103.4.1.1 Structural Steel
	103.4.1.2 Concrete Bridges
	103.4.1.2.1 Reinforced Concrete Slab Bridges
	103.4.1.2.2 Reinforced Concrete T-Beam Bridges
	103.4.1.2.3 Prestressed Concrete Bridges
	103.4.1.2.3.1 Beam Types
	1. Voided or solid slabs:  AASHTO has standardized a number of sections to accommodate a variety of bridge widths and span lengths in the 30- to 50-foot range. The sections are 36 to 48 inches wide with depths of 15, 18, and 21 inches. Thinner 12-inch...
	2. NEXT beams:  These beams are used for short- to medium-span length bridges (30- to 90-foot range). The beams can be produced in a variety of lengths and widths, with the capability of spanning either longitudinally or transversely with respect to t...
	3. Adjacent and spread box beams:  These beams are used for short- to medium-span length bridges (50- to 130-foot range). Similar to the voided slabs, AASHTO has developed a series of standard box sections. Standard sections are available in 36- and 4...
	4. PCEF bulb-tee beams:  These beams are used for medium span length bridges (90- to 170-foot range). Similar to the AASHTO I-beams, bulb-tee beams can be modified to accommodate longer spans. The FHWA Mid-Atlantic States Prestressed Concrete Committe...

	103.4.1.2.3.2 Spliced Prestressed I-Beam Superstructures
	1. Increasing span lengths to reduce the number of substructure units and total project costs;
	2. Reducing the beam length and weight to facilitate transport from the fabricator to the bridge site;
	3. Increasing the girder spacing to reduce the number of girder lines and total project costs;
	4. Increasing span lengths to improve safety by eliminating shoulder piers or interior supports;
	5. Minimizing structure depth to obtain required vertical clearance over highway and/or rail traffic, waterways, etc.;
	6. Avoiding the placement of piers in water to reduce environmental impact and total project costs;
	7. Placing piers to avoid obstacles on the ground, such as railroad tracks, roadways, and utilities;
	8. Improving aesthetics through various design enhancements, such as more slender superstructures, longer spans, and haunched sections at piers; and
	9. Eliminating joints for improved structural performance, reduced long-term maintenance/increased service life, and improved rideability.

	103.4.1.2.3.3 Segmental Concrete Structures
	1. Long Multi-Span Bridges:  Segmental precast box girders are well suited for long multi-span bridges on straight or slightly curved alignments in locations where maintenance and protection of traffic issues and/or environmental concerns require that...
	2. Long-Span Bridge on High Curvatures:  Segmental precast box girders are well suited to accommodate high curvatures on long spans due to high torsional stability. The balanced cantilever method of erection is generally used for these types of bridges.
	1. Since the deck is an integral part of the box girder system, the complete replacement of the bridge deck is extremely difficult. To increase long-term durability and design life, the structure should be designed so there is no tensile stress at the...
	2. Deck run-off should not be allowed to flow over the grouted block-outs for tendon anchorages. When end anchorages are located in vulnerable areas, such as beneath a deck expansion joint, additional protective measures shall be provided.

	103.4.1.2.3.4 Prestressed Concrete Superstructure Type Selection
	1. Beam Type:  All beams in a bridge should be the same type and size, unless approved otherwise by the Bridge Design Engineer. If vertical clearance is not a problem, a larger beam size, utilizing fewer beams lines may be a desirable solution. Fewer ...
	2. Beam Concrete Strength:  Higher concrete strength should be specified where that strength can be effectively used to reduce the number of beam lines. Refer to Section 205.4.2.1 – Compressive Strength for additional information on concrete strengths.
	3. Beam Spacing:  Consideration shall be given to the deck slab cantilever length to determine the most economical girder spacing. The deck slab cantilever should be maximized if a line of girders can be saved. When the amount of top transverse reinfo...
	a. Tapered Spans:  On tapered roadways, the minimum number of beam lines should be established by using flared beam lines. Place as few beams as possible within the limitations of the beam capacity. Deck slab thickness may need to be increased.
	b. Curved Spans:  When straight prestressed beams are used to support a curved roadway, the overhang will vary. The designer shall strive to match the maximum deck slab overhang at the centerline of the span at the outside of the curve with that of th...
	c. Geometrically Complex Spans:  Complex spans that are combinations of taper and curves require careful consideration to develop the most effective and economical girder arrangement. Beam lengths and number of strands (straight or draped) should be m...

	4. Deck Slab Cantilevers:  Some considerations that affect deck slab cantilevers are noted below:
	a. Appearance:  Normally, for best appearance, the largest deck slab overhang that is practical should be used.
	b. Economy:  The condition that provides the best appearance is also that which will normally afford maximum economy. A larger overhang typically means that a line of girders can be eliminated, especially when combined with higher concrete strengths.
	c. Deck Slab Strength:  The deck slab cantilever may be critical and may require thickening.
	d. Drainage:  A large deck slab cantilever may severely affect where deck drainage can be placed. Therefore, when deck drainage is required, it must be considered when determining exterior beam location.




	103.4.1.3 Timber Bridges
	103.4.1.4 Culverts

	103.4.2 Selection of Superstructure Type
	1. Least overall project cost (note that the least structure cost typically matches that of the least project cost, but other project costs, when varying among structure alternatives, should also be considered in the alternatives cost analysis)
	2. Lowest life-cycle cost
	3. Construction and/or construction schedule
	4. Maintenance of traffic (MOT) during construction
	5. Minimum number of deck joints
	6. Future maintenance
	7. Aesthetics and/or maintaining locally used bridge substructure types
	103.4.2.1 Spans less than 20 feet
	103.4.2.2 Spans from 20 feet to 30 feet
	103.4.2.3 Spans from 30 feet to 90 feet
	103.4.2.4 Spans from 90 feet to 165 feet
	103.4.2.5 Spans greater than 165 feet


	103.5 Construction
	103.5.1 Future Re-decking Considerations
	1. Maximum number of permissible construction stages
	2. Number of required lanes
	3. Minimum lane width(s)
	4. Lane location limitations
	5. Need to maintain pedestrian traffic
	6. Minimum number of beams

	103.5.2 Consideration for Future Widening
	103.5.3 Hauling Permits
	103.5.4 Maintenance of Traffic
	103.5.5 Inspectability

	103.6 Substructure Type Selection
	103.6.1 General Considerations
	103.6.2 Abutments and Wingwalls
	1. A stub abutment at the top of a sloped embankment or behind a prefabricated wall is generally more economical than cast-in-place concrete walls and cantilever abutment.
	2. Stub abutments can be used at the top of an embankment slope or located behind a proprietary wall. In either case, stub abutments can be founded on spread footings or piles provided adequate consideration is given to settlement. Lateral loads for s...
	3. Abutment Types I and II, as listed above, are preferable because they eliminate deck joints at the abutments.
	4. Integral abutments must be supported by a single row of piles. The piles shall be oriented for bending mainly about their weak axis.
	5. Construction of integral abutments involves attaching the superstructure and substructure (abutment) together and providing one of the two types of connections between the superstructure and substructure: 1. fixed against translations and rotations...
	6. Semi-integral abutment design is preferred to abutments with a deck joint. These abutment designs are appropriate for total bridge lengths (abutment to abutment) up to 400 feet total length. Generally, there are no skew limitations. The foundation ...
	7. The height of reinforced concrete cantilever abutments should not exceed 25 feet, as measured from the bottom of footing or pile cap to the top of the backwall (if so equipped) or beam seat, unless otherwise approved by the Bridge Design Engineer. ...
	8. When a reinforced concrete cantilever abutment/retaining wall is used, shallow spread footing on rock or good founding material is usually the most economical foundation type. However, potential settlement and potential scour depth concerns may req...
	9. When suitable rock is available at an average depth of less than 10 feet below the proposed bottom of footing, a pedestal foundation or foundation that is made possible by removal of the overburden and backfilling with lean concrete or suitable mat...
	10. Slopes at abutments and wingwalls should be maintained at 2H:1V. Steeper slopes may be utilized, but must be justified through geotechnical investigations and approved by the Bridge Design Engineer. Use random stone (rip-rap) slope protection, in ...
	11. A bench shall be provided at the top of all slopes adjacent to abutments, wingwalls, and retaining structures. The bench will provide for improved access for inspections. A 4-foot-wide bench is desirable, but the bench shall be no less than 2 feet...
	12. Where wingwalls of an abutment are at or near the water’s edge, wingwalls should be flared to improve the hydraulic entrance condition. If possible, the elevation at the end of the wingwall should be higher than for the design storm or, at a minim...

	103.6.3 Piers
	1. For highway-grade separations, the pier type should generally be cap-and-column piers supported on a minimum of three columns (multi-column bent). Note that this requirement may be waived for temporary construction conditions that require caps supp...
	2. For cap-and-column piers to be generally cost effective, the column height should be less than 30 feet with column spacing between 15 and 20 feet.
	3. For cap-and-column piers, continuous, isolated or pile/drilled shaft foundations may be specified. The engineer should determine estimated costs for all foundation configurations and choose the most economical. Where the clear distance between isol...
	4. On wide structures with more than five columns and/or cap lengths greater than 80 feet, the engineer should consider whether to split a cap-and-column pier into two piers, especially where columns are short and contraction/expansion of the pier cap...
	5. Where cap-and-column piers are used, the potential for vehicular collision should be evaluated, and when deemed necessary, crash-wall type or partial-height solid wall piers should be used.
	6. For tall piers over 50 feet in height, two-column bents tend to be more economically feasible than cap-and-column piers. For piers over 75 feet in height, single-column bents (hammerhead) tend to be the most cost-effective pier type, as a rule of t...
	7. For bridges over railroads, solid-wall type piers are preferred. Protective pier crash-walls should be considered and designed in accordance with AREMA specifications.
	8. For bridges over waterways, the following pier types should be considered:
	a. Pile bents:  The unsupported pile length should generally be limited to a length of 20 feet. The engineer should investigate both the existing ground and scoured condition when determining the unsupported length, as the assumed point of fixity for ...
	b. Hammer-head piers
	c. Solid wall piers:  When using wall piers in waterways, the potential for channel migration should be considered.
	d. Cap-and-column pier: For this pier type, the engineer must consider the potential for increased scour associated with vortexes forming around columns. Designers may consider the construction of a solid wall section with columns constructed above th...

	9. Note that the use of hammer-head type piers, or other pier types with large overhangs, inhibits the removal of debris at the pier face from the bridge deck. For low stream crossings with debris flow problems and where access to the piers from the s...
	10. Piers within navigable waters should be solid to a height of 3 feet above maximum navigable elevation or 2 feet above the 100-year flood or flood of record, whichever is higher. If the remaining height of pier above the solid stem is 16 feet or le...
	11. The upstream face of water piers should be rounded or V-shaped to improve hydraulics. If debris and/or ice is a problem, the upstream face should be battered 15 degrees and armored with a steel angle to a point 3 feet above the design high water e...
	12. For unusual conditions, other pier types may be acceptable. In the design of piers that are readily visible to the public, aesthetics should be considered if it does not add appreciably to the cost of the pier.


	103.7 Retaining Walls
	103.7.1 Wall Types
	103.7.1.1 Post and Plank Walls
	103.7.1.2 Sheet Pile Walls
	103.7.1.3 Reinforced Concrete Walls
	103.7.1.4 Anchored Walls
	103.7.1.5 Proprietary Retaining Walls


	103.8 Bridge Rehabilitation versus Replacement Selection Guidelines
	103.8.1 Cost
	1. RH/RP < 65%. The preliminary choice is rehabilitation.
	2. 65% < RH/RP < 85%. Rehabilitation or replacement may be the preliminary choice.
	3. RH/RP > 85%. The preliminary choice is replacement.

	103.8.2 Safety
	103.8.3 Bridge Type
	103.8.4 Bridge Standards
	103.8.5 Feature Crossed
	103.8.6 Comprehensive Assessment of Rehabilitation versus Replacement

	103.9 Accelerated Bridge Construction
	1. Accelerated Bridge Construction – Experience in Design, Fabrication and Erection of Prefabricated Bridge Elements and Systems (2011 edition; abbreviated as FHWA ABC herein).
	2. Decision-Making Framework for Prefabricated Bridge Elements and Systems, Publication Number FHWA-HIF-06-030 (2006; abbreviated as FHWA Decision-Making herein).
	3. Manual on the Use of Self-Propelled Modular Transporters to Remove and Replace Bridges, Publication Number FHWA-HIF-07-022 (2007).
	4. Connection Details for Prefabricated Bridge Elements and Systems, Publication Number FHWA-IF-09-010 (2009).
	103.9.1 Decision-Making/Planning Process
	103.9.1.1 ABC Rating Score
	103.9.1.2 FHWA Decision Flowcharts / ABC AHP Software Tool
	1. Direct costs of an ABC project include, but are not limited to, construction costs with consideration to new construction method premiums, MOT costs, right-of-way costs, engineering design fees, and inspection and maintenance costs. Typically, the ...
	2. Indirect costs on an ABC project are incurred by factors such as road user delay, freight mobility with consideration to reduced speeds on detour routes, revenue loss of local businesses, living conditions of neighboring communities such as noise a...
	3. Schedule constraints to an ABC project include, but are not limited to, weather impacts, compliance requirements to marine and wildlife regulations, and resource availability, such as design and construction labor.
	4. Site constraints can affect the bridge type and configuration, which in turn can affect the economics of the construction project. Right-of-way limitations, geotechnical considerations, staging yard availability, horizontal and vertical clearances,...
	5. Public perception, public relations, and their associated costs are considered in the customer service criterion. These factors are often dictated by local government.

	103.9.1.3 Emergency Projects
	103.9.1.4 Repair and Rehabilitation Projects

	103.9.2 ABC Methods/Techniques
	103.9.2.1 Foundation and Wall Elements
	1. Continuous flight auger piles
	2. GRS/IBS
	3. Prefabricated pier cofferdams
	4. MSE retaining walls
	5. Precast pile bents
	6. Precast abutments

	103.9.2.2 Rapid Embankment Construction
	1. Expanded polystyrene (EPS) geofoam
	2. Accelerated embankment preload techniques
	3. Column-supported embankment technique
	4. Flowable fill

	103.9.2.3 Prefabricated Bridge Elements and Systems
	1. Materials
	a. Ultra-high performance concrete (UHPC): This proprietary product is capable of achieving very high flexural strengths and ductility. The material has shown great promise for several applications, including closure pours between adjacent elements an...

	2. Superstructure elements
	a. Prefabricated and precast beam and girders, including NEXT beam bridges
	b. Stay-in-place deck forming, including partial-depth, precast concrete deck panels
	c. Full-depth deck panels, including precast deck panels, steel grid deck (Section 109.4 – Steel Grid Decks), and orthotropic steel deck
	d. Modular superstructure systems: Modular systems are gaining popularity in the ABC market. Some common modular systems include topped multi-steel beam units, orthotropic deck systems, and precast concrete systems, such as double tees, bulb-tees, and...

	3. Substructure elements (in conjunction with Section 103.9.2.1 – Foundation and Wall Elements)
	a. Precast concrete open-frame piers and pier walls
	b. Prefabricated cantilever, spill-through, integral, and semi-integral abutments (not as common as prefabricated piers)
	c. GRS/IBS
	d. Prefabricated retaining walls, such as MSE walls
	e. Modular culvert and arch systems

	4. Foundations (in conjunction with Section 103.9.2.1 – Foundation and Wall Elements)
	a. Pile bents with precast concrete piles for smaller spans
	b. Precast concrete spread footings
	c. Precast pier box cofferdams


	103.9.2.4 Structural Placement Methods
	1. SPMT
	2. Longitudinal launching
	3. Horizontal skidding or sliding
	4. Other heavy lifting equipment and methods, including pipe and culvert jacking, strand jacks, climbing jacks, pivoting, and gantry cranes

	103.9.2.5 Fast-Track Contracting
	1. Design-Build
	2. Partial Design-Build
	3. Construction Manager / General Contractor
	a. Best value selection
	b. A+B and A+B+C bidding
	c. Continuity of the construction process
	d. Incentive/disincentive clauses
	e. Warranties
	f. Lane rental




	103.10 Requirements for the Design of Highway Bridges over Railroads
	1. If a railroad is electrified, the preliminary plans submitted for TS&L approval should note that.
	2. A protective barrier shall be provided on spans or on part of spans for structures over electrified railroads, as directed by the railroad company. The protective barrier shall extend at least 10 feet beyond the point at which any electrified railr...
	3. All open or expansion joints in the concrete portion of barriers, divisors, sidewalks, and curbs within the limits of the barrier shall be covered or closed with joint materials. Details of such joints shall be shown on the design drawings.
	4. The details of catenary attachments and their locations, if attached or pertinent to the structure, shall be shown on the plans. Consideration shall be given to realign the catenary by installing support columns on each side of the bridge to avoid ...

	103.11 References
	104.1 Introduction
	104.1.1 Terms
	104.1.2 Coordination
	104.1.3 Design Responsibilities
	104.1.4 Field Data Collection
	104.1.5 Topographic Survey and Extent of Hydraulic Study

	104.2 Hydrology
	104.2.1 Introduction
	104.2.2 Documentation
	104.2.3 Precipitation
	104.2.3.1 The Rational Method
	104.2.3.2 Delaware Regression Method (SIR 2006-5146)
	104.2.3.3 Published Reports
	104.2.3.4 Flood-Frequency Analysis of Recorded Stream Gage Data
	104.2.3.4.1 Flood-Frequency Analysis Guidelines
	104.2.3.4.2 Transposition of Flows

	104.2.3.5 Other Methods/Models
	104.2.3.5.1 NRCS TR-55 Curve Number Method (WinTR-55 Program)
	1. Assumes that rainfall is uniformly distributed over the entire basin.
	2. Basin is drained by a single main channel or by multiple channels with times of concentration (Tc) within 10 percent of each other.
	3. Tc is between 0.1 and 10 hours.
	4. Storage in the drainage area is ≤ 5 percent and does not affect the time of concentration.
	5. Watershed can be accurately represented by a single composite curve number.
	1. Tt is greater than 3 hours.
	2. Tc is greater than 2 hours.
	3. Drainage areas of individual subareas differ by a factor of 5 or more.
	4. The entire flood hydrograph is needed for flood routing.
	5. The time to peak discharge needs to be more accurate than that obtained by the    tabular method.

	104.2.3.5.2 WinTR-20
	104.2.3.5.3 HEC-HMS and HEC-1
	104.2.3.5.4 GIS Preprocessing Models
	104.2.3.5.4.1 The Watershed Modeling System
	104.2.3.5.4.2 GeoHMS



	104.2.4 Methodology Selection Guidance
	1. For drainage areas less than 326 acres, the rational method is recommended.
	2. For project locations at a stream gage, perform the flood frequency analysis of recorded stream gage data and consider the weighted method described above and in the Delaware regression method (USGS SIR 2006-5146).
	3. For ungaged site locations with a drainage area that is between 0.5 and 1.5 times the drainage area of a stream gaging station that is on the same stream, use the transposition method described above.
	4. For site locations downstream of a dam, lake, or reservoir that will attenuate flows and impact the flows at the site, the results of Delaware’s Dam Safety Program should be used. If these data are not available for a particular site, the procedure...
	5. For unregulated, ungaged site locations on nontidal streams, the Delaware regression method (USGS SIR 2006-5146), HEC-HMS, TR-55, or TR-20 should be considered.
	6. For ungaged site locations with a drainage area that is not between 0.5 and 1.5 times the drainage area of a stream gaging station that is on the same stream, use the most appropriate method from the guidance above.
	7. Account for urbanization, if warranted based on engineering judgment, according to the guidelines provided in USGS SIR 2006-5146.

	104.2.5 Design Flood Frequency
	104.2.6 Confidence Intervals
	104.2.7 Frequency Mixing (Probability of Coincidental Occurrence)

	104.3 Hydraulics
	104.3.1 Culverts
	104.3.1.1 Sizing
	1. Site and roadway data
	2. Design parameters, including shape, material and orientation
	3. Hydrology (flood magnitude versus frequency relation)
	4. Channel analysis (stage versus discharge relation)

	104.3.1.2 Site Conditions and Skew
	104.3.1.2.1 Channel Characteristics
	104.3.1.2.2 High-Water Information
	104.3.1.2.3 Inlet/Outlet Conditions

	104.3.1.3 Shape/Material
	104.3.1.4 Environmental Considerations
	1. Only one barrel of a multiple-barrel pipe or box culvert installation needs to be lowered.
	2. Pipes are depressed 6 inches to allow siltation to provide a natural bottom. If there is a series of pipes, the center pipe is to be lowered 6 inches below the streambed and the side pipes are to be raised 6 inches above unless cover is a problem. ...
	3. Box culverts are depressed 12 inches. Depressed boxes should be filled with channel-bed fill material. Additionally, riprap should be depressed 12 inches below the streambed, choked with borrow (type B),  and covered with channel-bed fill material ...
	4. Pipe and culvert outlets inverts should not be above the stream invert to avoid a hanging culvert situation. The designer should work with the Environmental Studies Section and reference the biological stream forms.
	5. In wide, shallow streams, one barrel of a multiple-barrel culvert should be depressed to carry low flow, or weirs can be installed at the upstream end of some barrels to provide for passage of aquatic organisms through other barrels at low flow. Th...
	6. For low-flow channels in rigid frames and bridges, stream bottoms should have riprap depressed 12 inches and should follow the shape of the proposed low-flow channel to help with its long-term stability. Locations with sufficient depth of water in ...
	7. Side slopes where riprap is used should be backfilled with #57 stone and cover with soil and seed from roughly the ordinary high water to the top of bank as appropriate.
	8. Riprap at smaller structures should be based on scour calculations. Riprap should be choked with Delaware #57 stone or channel-bed material unless conditions warrant otherwise.
	9. The designer is directed to Section 300 – Typical Bridge Design Detail for typical pipe, culvert, or rigid frame details.


	104.3.2 Bridges
	104.3.2.1 Sizing
	1. Backwater associated with each alternative vertical profile and waterway opening should not significantly increase flood damage to property upstream of the crossing.
	2. Effects on flow distribution and velocities – the velocities through the structure(s) should not damage either the highway facility or increase damages to adjacent property.
	3. Existing flow distribution should be maintained to the extent practicable.
	4. Pier spacing and orientation, and abutment should be designed to minimize flow disruption and potential scour.
	5. Foundation design and/or scour countermeasures should be considered to avoid failure by scour.
	6. Freeboard at structure(s) should be designed to pass anticipated debris and ice.
	7. Risks of damage should be considered.
	8. Stream instability countermeasures.
	9. Ways to achieve minimal disruption of ecosystems and values unique to the floodplain and stream should be considered.
	10. Highway level of service should be compatible with that commonly expected for the class of highway.
	11. Design choices should support costs for construction, maintenance, and operation, including probable repair and reconstruction and potential liability that are affordable.

	104.3.2.2 Site Conditions and Skew
	1. The safety of the highway user
	2. Vertical profile and horizontal alignment
	3. Hydraulic performance
	4. Construction and maintenance costs
	5. Foundation conditions
	6. Highway capacity
	7. Navigation requirements
	8. Stream regime

	104.3.2.3 Shape/Material

	104.3.3 Hydraulics for Dam Safety Projects
	104.3.3.1 Sizing
	104.3.3.2 Site Conditions and Bridges Near Non-regulated Dams
	104.3.3.3 Shape/Material
	104.3.3.4 Dam Safety Regulations

	104.3.4 Tidal Hydraulics – Bridges and Culverts
	104.3.4.1 General
	1. Structure hydraulics is riverine controlled and not impacted by tide/storm surge;
	2. Structure hydraulics is tidally influenced in that the tailwater condition is influenced by the tide/storm surge, but there is no flow reversal through the structure; and
	3. Structure hydraulics is tidally controlled in that flow reverses through the structure during tide/storm surge.

	104.3.4.2 Use of Qualified Coastal Engineers
	1. Hydraulic analysis of interconnected inlet systems
	2. Analysis of inlet or channel instability, either vertically or horizontally
	3. Determination of design wave parameters
	4. Prediction of overwash and channel cutting
	5. Design of countermeasures for inlet instability, wave attack, or channel cutting
	6. Prediction of sediment transport or design of countermeasures to control sediment transport
	7. Assessment of wave loading on bridges and other structures

	104.3.4.3 Tidal Hydraulic and Scour Analysis
	104.3.4.4 Tidal Modeling
	104.3.4.5 Freeboard for Tidal Bridges
	104.3.4.6 Sea Level Rise
	104.3.4.7 Tidal Hydraulics References
	1. HEC-18, Evaluating Scour at Bridges, Fifth Edition (FHWA, 2012) (tidal prism method);
	2. HEC-25, Highways in the Coastal Environment, Second Edition (FHWA, 2008);
	3. HEC-25, Highways in the Coastal Environment – Assessing Extreme Events (FHWA, 2014);
	4. UNET, RMA-2, or ADCIRC models;
	5. Any of the various tidal models for Chesapeake and Delaware Bays in combination with the nontidal flow calculated above to produce the maximum flood, which does not overtop the roadway or structure;
	6. Existing FEMA studies; or
	7. Existing Coastal Engineering Research Center reports.


	104.3.5 Hydraulics Methodologies and Software
	104.3.5.1 HEC-RAS
	104.3.5.2 HY-8
	104.3.5.3 Two-Dimensional Hydraulic Models
	1. The stream slope is very flat, and bridge piers cause localized effects on WSEs. The 1-D model will average these localized increases in WSE across the entire cross section and apply the calculated WSE increase across the entire floodplain width, w...
	2. Hydraulics at the project site are affected by a confluence that changes location for different flood events and cause 2-D characteristics in the floodplain.
	3. Flow is split between multiple structures across a wide floodplain.
	4. A structure is on a severe channel bend (making the velocity vary between the inside and outside of the bend), and scour is a major concern.
	5. A project is anticipated to cause WSE increases in a highly developed area, and flooding impacts need to be more accurately defined.
	6. Tidal areas.



	104.4 Scour Evaluation and Protection
	104.4.1 Scour Investigation
	104.4.2 Scour Components
	1. Long-term scour (aggradation or degradation of the stream channel)
	2. Contraction scour, including vertical pressure scour if applicable
	3. Local scour (pier and abutment)
	104.4.2.2 Long-Term Scour
	104.4.2.3 Contraction Scour
	104.4.2.4 Local Scour

	104.4.3 Scour Flood Magnitude
	104.4.4 Design Considerations
	104.4.4.1 Scour Due to Lateral Movement
	104.4.4.2 Spread Footings
	104.4.4.3 Dams and Backwater
	104.4.4.4 Streambed Material
	1. Visual inspection – Appropriate for all types of bed materials. Field tools (e.g., sand gage card, gravelometer, wire screen) are readily available to assist the hydraulic engineer in streambed particle size determination.
	2. Sieve analysis from volume/bulk samples.

	104.4.4.5 Scour in Cohesive Soils
	1. In cohesive soils such as clay, both local scour and contraction scour magnitudes may be similar. However, scour takes place considerably later than in the noncohesive sand.
	2. Scour analysis methods are different for cohesive and noncohesive soils.
	3. Bridge foundations supported by cohesive soils resist erosion for a much longer period than usually calculated, and may result in a longer life of bridge.

	104.4.4.6 Scourability of Rock
	1. The RQD value is a modified computation of the percent of rock core recovery that reflects the relative frequency of discontinuities and the compressibility of the rock mass and may indirectly be used as a measure of scourability. The RQD is determ...
	2. The primary intact rock property for foundation design is unconfined compressive strength (ASTM Test D2938). Although the strength of jointed rocks is generally less than individual units of the rock mass, the unconfined compressive strength provid...
	3. The slake durability index (SDI as defined by the International Society of Rock Mechanics) is a test used on metamorphic and sedimentary rocks such as slate and shale. An SDI value of less than 90 indicates poor rock quality. The lower the value, t...
	4. AASHTO Test T104 is a laboratory test for soundness of rock. A soaking procedure in a magnesium and sodium sulfate solution is used. Generally the less sound the rock, the more scourable it will be. Threshold loss rates of 12 (sodium) and 18 (magne...
	5. The Los Angeles abrasion test (AASHTO T96) is an empirical test to assess abrasion of aggregates. In general, the less a material abrades during this test, the less it will scour. Loss percentages greater than 40 percent indicate scourable rock.


	104.4.5 Scour Countermeasures
	104.4.5.1 Riprap Protection
	104.4.5.2 Guide Banks
	104.4.5.3 Scour Protection at Culverts
	1. Footings for any flared wingwalls, provided at the entry and the exit of culverts, will be protected by riprap or alternate armoring countermeasures.
	2. For velocities exceeding 12 feet per second, a less constrictive opening should be considered to reduce velocities. Regular monitoring will be required if riprap has been installed at the entry and exit of culverts.
	3. Skew of a culvert should be matched to the angle of attack of the stream as much as possible to help alleviate local scour.
	4. Wingwall orientation chosen should eliminate sharp corners at entrances that may cause eddies.


	104.4.6 Scour Evaluation Documentation
	1. Bridge description — bridge number, type, size, location, and NBI Record Item 113, Scour coding;
	2. Executive summary of scour results, conclusions, and any countermeasure recommendations required, with plan and profile views showing scour depths and limits;
	3. Scour computations (including computer input and output) that should include scour depths and plotted depths on cross sections and profiles; and
	4. Bridge drawings, cross sections, soils information, test results, other miscellaneous data, and references.

	104.4.7 Scour Plan Presentation
	1. Note stating that the structure has been analyzed for the effects of scour in accordance with the procedures described in HEC-18;
	2. Scour design flood flow, frequency, bridge opening velocity, and WSE immediately upstream from the bridge; and
	3. Calculated design scour depth, including a plot in cross section and profile.


	104.5 Streams
	104.5.1 Stream Stability Analysis
	1. Scour
	2. The natural tendency of streams to meander within the floodplain
	3. Bank erosion
	4. Aggradation and degradation

	104.5.2 Bank Protection
	1. Stream velocity
	2. Angle of the side slopes
	3. Size of the rock

	104.5.3 Channel Modifications
	1. Establish the nature of the existing stream (slope, section, meander pattern [sinuosity], stage-discharge relationship).
	2. Determine limits for changes in the various stream parameters.
	3. Duplicate existing conditions where possible, within established change tolerances.
	4. Evaluate constructability, considering water table elevations, streambed materials, and site conditions.

	104.5.4 Stream Diversions
	104.5.5 Ice and Debris

	104.6 Hydrologic and Hydraulic Report
	104.6.1 Hydraulic Summary Data Sheet and Definitions
	1. Documentation of Historic High Water includes year(s) of occurrence and source of information.
	2. Ordinary High Water is required information for the “404” permit. From instructions and definitions furnished by the USACE for “404” permit applications, the Ordinary High Water mark as defined by the USACE means the line on the shore established b...
	3. Design Discharge (Qdes) should be computed by the methods noted in this Manual. When other methods are applicable and are used to compute the Design Discharge, it should be noted in the hydraulic report.
	4. Design Headwater: As a conservative estimate of the headwater for design, the elevation of the water surface under unrestricted conditions at the upstream face of the bridge or culvert is used to compute clearance. It is the assumed condition where...
	5. Average Velocity is computed from the gross area at the bridge opening below the design flow depth, i.e., Q/An, where An is the gross waterway area in the constriction at Design High Water depth. Design Waterway Provided is the net flow area below ...
	6. Design Backwater Elevation: For convenience, the amount of design backwater is measured as shown on the profile section on Figure 104-1, for the computed design discharge (Qdes). Although this may not be the exact location of the maximum high water...
	7. The location of the Overtopping Elevation for the bridge and approaches may be referred by stationing (e.g., Station 6+95.7) or by distance from the bridge (e.g., 375 feet south of bridge abutment No. 1). The location of the overtopping may occur o...
	8. Freeboard, as applied to bridge hydraulics, is the vertical distance from the design headwater elevation to the low point of the superstructure. This distance is recorded on the Hydraulic Field Assessment Checklist (Appendix 104-1). Where the desig...


	104.7 Plan Presentation
	1. Drainage Area (square miles)
	2. Design Frequency (years)
	3. Design Discharge and Q100 (cubic feet per second)
	4. Existing and Proposed Design Flood Elevation (feet) (cross section just upstream of the structure)
	5. Existing and Proposed 100-Year Flood Elevation (feet)
	6. Existing and Proposed Waterway Opening (square feet)
	a. Mean High Water Elevation (feet)
	b. Mean Low Water Elevation (feet)
	c. Vertical Under Clearance (feet)


	104.8 Laws, Policy, Regulations and Permits
	104.8.1 FEMA Compliance
	104.8.2 New Castle County Requirements
	1. Site location and tax parcel number;
	2. Brief description of the proposed work;
	3. Plan of the site showing the exact size and location of the proposed construction as well as any existing structures;
	4. Engineering analysis of the impact on the floodplain using HEC-RAS or another acceptable backwater analysis model;
	5. An accurate delineation of the floodplain area, including the location of any adjacent floodplain development or structures and the location of any existing or proposed subdivision and land development;
	6. Delineation of existing and proposed contours;
	7. Information concerning the 1-percent chance of occurrence (100-year) flood elevations and other applicable information, such as the size of structures, location and elevation of streets, water supply and sanitary sewer facilities, soil types, and f...
	8. An H&H report, certified by a registered Professional Engineer, that states that any proposed construction has been adequately designed to withstand the 100-year flood pressures, velocities, impact and uplift forces, and other hydrostatic, hydrodyn...

	104.8.3 Tax Ditches
	104.8.4 Risk Assessment or Analysis
	1. Consideration of capital costs and risks should include, as appropriate, a risk analysis or assessment that includes:
	a. The overtopping flood or the base flood, whichever is greater, or
	b. The greatest flood that must flow through the highway drainage structure(s), where overtopping is not practicable. The greatest flood used in the analysis is subject to state-of-the-art capability to estimate the exceedance probability.

	2. The design flood for encroachments by through lanes of Interstate highways should not be less than the flood with a 2 percent chance of being exceeded in any given year. No minimum design flood is specified for Interstate highway ramps and frontage...
	a. Encroachments at sensitive urban areas associated with new locations.
	b. Any encroachment determined to be a "significant encroachment" as defined in 23 CFR 650 Subpart A, Section 650.105.


	104.8.5 Aids to Navigation
	104.8.6 DelDOT Project Development Manual

	104.9 References
	Appendix 104-1: Hydraulic Field Assessment Checklist
	Appendix 104-2: Hydraulic Survey Form
	Appendix 104-3: H&H Report Hydraulic Data Summary Sheet
	Appendix 104-4: H&H Report Sample Format
	105.1 Introduction
	105.2 Terms
	105.3 Subsurface Investigations
	1. Cone Penetrometer Tests (CPT/CPTU/SCPTU) (ASTM D 5778)
	2. Flat Dilatometer Test (DMT)
	3. Pressuremeter Test (PMT) (ASTM D 4719)
	4. Vane Shear Test (VST) (ASTM D 2573)
	1. Seismic Methods: seismic refraction, spectral analysis of surface waves (SASW), and multi-channel analysis of surface waves (MASW)
	2. Electrical Methods: electric resistivity imaging, electromagnetics (EM), ground penetrating radar (GPR)
	105.3.1 Estimating Soil and Rock Properties
	105.3.2 Estimating Ground Water Table Elevation
	105.3.3 Estimation of Bearing Capacity
	105.3.4 Estimation of Settlement
	105.3.5 Estimated Depth of Unsuitable Materials
	105.3.6 Global Stability
	105.3.7 Corrosive Environment
	1. Soil pH, sulfate, and chloride contents in soil and groundwater and moisture content;
	2. General soil profile, including type, variation, depth and layering of fill and undisturbed natural soils, and groundwater level;
	3. Previous land use;
	4. Soil resistivity (laboratory test on soil samples); if evaluation of data with respect to criteria in Section 107.3.5.4 – Corrosion and Deterioration indicates a potential corrosion problem, a field resistivity survey may be warranted; and
	5. If foundations are located in open water, a representative water sample should be analyzed for chlorides, sulfates, bacteria, pH, and the velocity should be measured.

	105.3.8 Lateral Squeeze

	105.4 Subsurface Investigation Request
	105.4.1 Request for Test Borings
	1. Location map showing the site with respect to the general area.
	2. Plan of the existing or proposed structure showing the approximate locations of the proposed substructure units and the borings requested. The plan should show as a minimum:
	a. Existing right-of-way limits and access.
	b. Location control points to assist the boring crew in accurately locating structural borings by station and offset, northing/easting, and/or latitude/longitude; and to record ground surface elevations.
	c. Any known underground and/or overhead utilities.

	3. Depth of structural borings, including boring termination criteria.
	4. In-situ testing at depths and borehole locations.
	5. Design schedule.
	6. Boring request form.
	105.4.1.1 Quantity and Location of Structural Borings
	1. Borings should be obtained in the following median quantities:
	a. Two borings shall be obtained per abutment; this number should only be reduced if the designer is confident uniform conditions exist across the substructure. For example, the abutment is 40 feet long and local experience indicates the presence of u...
	b. One boring shall be obtained per wingwall; more borings may be needed if the adjacent borings for the abutment show non-uniform conditions across the site or the wingwall is longer than 40 feet.
	c. Two borings shall typically be obtained per pier; as for the abutment this number can be reduced if the designer is confident uniform conditions exist across the substructure.
	d. Two borings shall be obtained for pipes, culverts, and three-sided rigid frames. The borings shall be located at the inlet and outlet of these structures and shall be staggered.
	e. Two borings shall be obtained for retaining walls and similar structures (such as ground-mounted noise walls) up to 100 feet in length. For longer wall structures, additional borings should be added at 100-foot intervals.
	f. One boring shall be obtained for each ancillary structure foundation.

	2. Borings should be within 20 feet of the proposed footprint of the substructure.
	3. The borings for adjacent footings should not be located in a straight line but should be staggered at the opposite ends of adjacent footings, unless multiple borings are taken at each footing.
	4. Where rock is encountered at shallow depths, additional borings or other investigation methods such as probes (borings without samples) and test pits may be needed to establish the top of rock profile. Understanding the hardness of the rock is also...
	5. Where muck, organic soils, weak, and/or unsuitable materials are encountered at shallow depths, additional borings, test pits, or other investigation methods (probes, cone penetrometers) may be needed to determine the required over excavation quant...
	6. The number of borings required and their spacing depend on the uniformity of soil strata and the type of structure. Erratic subsurface conditions require close coordination between M&R and the designer. Under non-uniform conditions, additional bori...
	7. Where spread footings are being considered, the designer should request that the driller take continuous samples. For deep foundations, continuous sampling may not be necessary while penetrating competent strata but should be provided while crossin...
	8. The Department recommends that the designer visit the site with the driller prior to and/or during drilling operations.

	105.4.1.2 Depth of Structural Borings
	1. For pile foundations on soil, the designer must have soils information extending at least 10 feet below the estimated pile tip elevation. Initial borings should extend to a depth that allows the geotechnical designer to perform preliminary analyses...
	a. Twenty to 30 feet below the top of the first hard layer to ensure that the layer is of sufficient thickness. The hard layer is defined as having an N-value of 20 or more for 20 feet.
	b. For shallow deposits where the material provides limited resistance (N-value is less than 5 for fine-grained soil, 10 for coarse-grained/cohesionless soil) above the hard layer, the boring should extend a minimum of 30 feet or to refusal (N-value ≥...

	2. For pile foundations on rock, terminate borings at least 10 feet into competent rock. If top of rock is weathered/soft, consider extending and terminating borings 10 feet into underlying competent strata.
	3. For drilled shafts, terminate borings a minimum of 10 feet below the estimated pile tip elevation but no less than two times the drilled shaft width.
	4. For spread footings on soil, terminate borings below the proposed bottom of footing elevation at a minimum depth of 1.5 times the estimated footing width. If unsuitable soils are present at this depth, extend borings to more competent strata. If to...
	5. For spread footings on rock, terminate borings a minimum of 10 feet into competent rock or 1.5 times the estimated footing width. Extend borings if voids or unsuitable soil seams are encountered in bedrock. Terminate borings in competent bedrock.


	105.4.2 Boring Logs
	1. General information: State and Federal project numbers, the bridge number, the location of the boring, start/finish dates, the surface elevation, the equipment used, the sampling method, and water level readings.
	2. Sample information: Sample number, sample depth, hammer blows per 6 inches, descriptions of the material in the samples, the amount of material recovered in each sample, the laboratory soils AASHTO classification, and RQD results.
	a. A typical soil description consists of:
	i. Water content (dry, moist, wet), apparent consistency (fine-grained soils) or density (granular soils), color, soil type, and AASHTO group name (Group Index). Example:

	b. A typical rock core description consists of:
	i. Rock type, color, hardness, degree of weathering, bedding/foliation thickness, and discontinuities spacing. Example:


	3. The locations of undisturbed samples are designated with the sample numbers. Any other information is listed under “Remarks.”

	105.4.3 Coordination for Soils/Rock Testing
	105.4.3.1 Typical Soil Tests
	1. Soil classifications (D4318, AASHTO T88, T89, T90, ASTM D422)
	2. Moisture content determination (AASHTO T265, ASTM D2216)
	3. Atterberg Limits (AASHTO T89/90, ASTM D4318)
	4. Specific gravity (AASHTO T100, ASTM D854)
	5. Standard and modified Proctor tests (AASHTO T99, T180, ASTM D698, D1557 )
	6. Direct shear test on remolded granular soils (AASHTO T 236, ASTM D3080)
	7. Corrosion potential on soil: pH, chloride content, sulfate content, minimum resistivity on soil (AASHTO T288, T289, ASTM D4972, CalDOT 422, CalDOT 417)
	8. Determination of organic content in soils by loss of ignition (AASHTO T 267)
	1. In-situ unit weight and void content of undisturbed soil samples (AASHTO T233)
	2. One-dimensional consolidation (AASHTO T216, ASTM D2435)
	3. Swell test of undisturbed samples (ASTM D4546)
	4. Unconfined compression of cohesive soil (AASHTO T208, ASTM D2166)
	5. Unconsolidated-undrained triaxial test (AASHTO T296, ASTM D2850)
	6. Consolidated-undrained triaxial test (AASHTO T297, ASTM D4767)
	7. Consolidated-drained triaxial test (ASTM D7181)
	8. Direct shear test on undisturbed soil samples (AASHTO T 236, ASTM D3080)
	9. Permeability of soil, constant or falling head (AASHTO T215, ASTM D2434, D5084)

	105.4.3.2 Typical Rock Tests
	1. For samples having a sufficient length to diameter ratio, use the unconfined compression test (ASTM D7012).
	a. The Department will allow the use of the former unconfined compression strength test method correction for samples less than 2L:1D (ASTM D2938).
	b. The Department also allows the use of the point load testing (ASTM D5731) for samples less than 2L:1D, with prior approval from M&R.




	105.5 Geotechnical Report
	1. Plan view of the structure showing the location of the borings
	2. Boring logs
	3. Available laboratory test results
	4. An evaluation of the encountered subsurface conditions including:
	a. Depth, thickness, and variability of soil strata
	b. Depth to groundwater
	c. Identification and classification of soils
	d. Shear strength, compressibility, stiffness, permeability, frost susceptibility, and expansion potential of encountered soils
	e. Depth to rock, identification and classification of rock, rock quality (i.e., soundness, hardness, jointing, resistance to weathering, and solutioning), compressive strength, and expansion potential
	f. Preliminary soil and rock parameters to be used in design (these parameters are limited to the laboratory test results). The Geotechnical Designer will develop additional parameters.


	105.6 Foundation Report
	1. Report Narrative:
	a. Section 1 – Introduction:  project location, project purpose, project description
	b. Section 2 – Geologic and Geographic Setting: general topography, regional soils data, regional geologic data, including relevant findings from a literature search, soils maps, oil/gas/water wells, geologic mapping, and structural contours.
	c. Section 3 – Subsurface Investigations: discussion of subsurface investigations, subsurface descriptions and general site findings, including encountered depth, thickness and variability of soil strata, depth to groundwater, identification and class...
	d. Section 4 – Laboratory Testing: discussion of laboratory tests performed and summary of test results and analysis, including:
	i. Classification and corrosion potential of soils
	ii. Shear strength, compressibility, stiffness, permeability, frost susceptibility, and expansion potential of encountered soils
	iii. Identification and classification of rock, rock quality (i.e., soundness, hardness, jointing, resistance to weathering, and solutioning), compressive strength, and expansion potential

	e. Section 5 – Data Interpretation and Analysis: presentation of design parameters, analysis and final design considerations, including:
	i. Soil and rock parameters to be used in design
	ii. Determination of bottom of footing/pile cap elevation
	iii. Evaluation of foundation alternates (may not require calculations)
	iv. Shallow vs. deep foundations: bearing capacity, lateral capacity, settlement, external stability, global stability considerations
	v. For shallow foundations: general consideration regarding consolidation settlement, time rate of consolidation, need for preloading, quarantine period
	vi. For deep foundations: general consideration regarding settlement of piles, settlement of pile group, settlement of surrounding soils, downdrag forces, potential driving obstructions, presence of boulders
	vii. Constructability issues, construction sequence, need for temporary shoring

	f. Section 6 – Foundation Recommendations: final foundation recommendations, including:
	i. Foundation type
	ii. Bottom of footing/pile cap elevation
	iii. Scour considerations and scour countermeasures
	iv. Corrosion protection (i.e., special cement type concrete, epoxy coated rebar, consideration of sacrificial steel thickness for foundation elements design).
	v. For shallow foundations:
	vi. For deep foundations:
	vii. Site preparation criteria:


	2. Appendix A – TS&L Plan:  Provide a general plan view of the proposed structure as described in Section 102.6.5.1 – Type, Size, and Location Submission Requirements. The plan should indicate the proposed substructure locations and location of boring...
	3. Appendix B – Typed Boring Logs
	4. Appendix C – Plotted Boring Logs (Structure Plan Boring Logs)
	5. Appendix D – Core Box Photographs (as applicable)
	6. Appendix E – Geotechnical Calculations and Computer Output
	7. Appendix F – Laboratory Testing
	8. Appendix G – Subsurface Soil/Rock Profiles with Boring Logs (as applicable for long structures of 200 feet or greater length)
	9. Appendix H – Special Provisions and Geotechnical Details
	10. Appendix I – Maps: Typically includes location map, aerial map, topographic map (USGS 7.5min Quadrangle Map), soils map, and geological map.
	105.6.1 Concise Foundation Report
	105.6.2 Foundation Report Submittals
	105.6.3 Quality Assurance and Quality Control
	105.6.4 Geotechnical Design References
	1. DelDOT Bridge Design Manual
	2. AASHTO LRFD Bridge Design Specifications
	3. FHWA Design Manuals
	4. Transportation Research Board (TRB) Design Manuals
	5. Naval Facilities Engineering Command (NAVFAC) Design Manuals
	6. USACE Design Manuals
	7. American Society of Civil Engineers (ASCE) Publications


	105.7 References
	106.1 Introduction
	106.2 Terms
	106.3 Design Loads
	106.3.1 Dead Loads
	1. Integral Wearing Surface:  The top 0.5 inch of concrete bridge deck shall be considered an integral wearing surface, accounted for in dead load; but it is not to be considered in the structural design of the deck slab or as part of the composite se...
	2. SIP forms: 15 pounds per square foot (includes concrete-in-form corrugations). Refer to Section 106.4.2 – Concrete Decks for criteria for the use of reduced loading to account for the weight of SIP forms.
	1. Future Wearing Surface:  25 pounds per square foot.
	1. Lightweight concrete: The permissible range for unit weight of lightweight concrete shall be 110 to 130 pounds per cubic foot. The design unit weight value shall be provided on the Plans, and be in accordance with the specified lightweight mix desi...
	2. Fill soil: 120 pounds per cubic foot.
	106.3.1.1 Considerations for Deck Haunch
	106.3.1.2 Distribution of Dead Loads
	1. Simple distribution for non-composite dead loads;
	2. Composite dead loads shall be equally distributed among all beams in the bridge cross section, except for the following:
	a. Bridge barriers on deck overhangs should be distributed 75 percent to the exterior and 25 percent to the first interior beam in the cross section.
	b. Exterior sidewalks should be distributed by simple distribution to the girders below the sidewalk.
	c. Staged construction distribution of dead load may depend on the sequence of the bridge construction.
	d. For bridge widths greater than 40 feet, the designer shall consider not distributing to all beams, but applying rationale for limiting loads to adjacent two to three beams. This recognizes that in wide bridges, it is less likely for beams a signifi...



	106.3.2 Live Loads

	106.4 Bridge Decks
	106.4.1 Deck Type Considerations
	106.4.2 Concrete Decks
	106.4.2.1 Concrete Deck Design Considerations
	106.4.2.2 Deck Thickness
	106.4.2.3 Deck-Reinforcing Steel
	106.4.2.3.1 Deck Reinforcing for Spread Beam Bridges
	106.4.2.3.1.1 Transverse Reinforcement
	a. For bridges with support skews equal to or less than 25 degrees, the transverse reinforcing shall be placed parallel to the abutments. The deck span length shall be determined along the direction of the transverse reinforcement. Bar spacing shall b...
	b. Bridges with skews greater than 25 degrees, or where the transverse reinforcing will interfere with the shear studs (or stirrup reinforcing for prestressed beams), the transverse reinforcement shall be placed perpendicular to the centerline of the ...

	106.4.2.3.1.2 Longitudinal Reinforcement
	a. Typically, the primary deck reinforcement is transverse, or perpendicular to traffic. In these cases, the longitudinal reinforcement is considered secondary reinforcement, or distribution reinforcement. Refer to Section A9.7.3.2 – Distribution Rein...
	b. In the negative moment regions of superstructures continuous over piers, additional reinforcement shall be added in the longitudinal direction to control deck cracking due to tension in the deck, in accordance with Section A5.7.3.4 – Control of Cra...


	106.4.2.3.2 Deck Reinforcing for Adjacent Beam Bridges

	106.4.2.4 Deck Haunch
	106.4.2.5 Concrete Cover
	106.4.2.6 Deck Placement Sequence
	1. The change in stiffness of the composite girder section as different segments of the slab are placed, and as it affects both the temporary stresses and the potential for "locked-in" erection stresses.
	2. Bracing (or lack thereof) of the compression flange of girders, and its effect on the stability and strength of steel girders during slab placement.
	3. Temporary loading conditions induced by overhang deck forms (Section 106.4.2.7.1 – Overhang Forming and Temporary Support Conditions) for steel bridges,
	4. Uplift at bearings.
	5. Tension/cracking in previously placed segments of the deck.
	a. Place the end span positive moment (Span 1) region.
	b. Place the adjacent positive moment region in the first interior span (Span 2).
	c. Place the adjacent negative moment region over the first interior support
	d. Alternate positive moment region in the next span and then back to the adjacent negative moment region until deck placement is complete.
	a. Changes to the placement sequence or alternative deck placement sequences proposed by the Contractor during construction must be submitted for approval. The submittal shall be signed and sealed by a Professional Engineer licensed in the State of De...


	106.4.2.7 Deck Overhangs
	106.4.2.7.1 Overhang Forming and Temporary Support Conditions
	1. Girder web depth is less than 8 feet
	2. Deck-slab overhang is less than 4 feet 9 inches
	3. Overhang slab thickness is equal to or less than 10 inches
	4. Transverse stiffener spacing does not exceed the depth of the girder

	106.4.2.7.2 Scupper Detailing

	106.4.2.8 Concrete Deck Finishing
	106.4.2.8.1 Protective Sealers for Concrete Decks

	106.4.2.9 Future Wearing Surface/Overlays
	106.4.2.10 Concrete Deck Construction Joints
	106.4.2.11 Temporary Protective Shield

	106.4.3 Finished Deck Elevations
	1. Longitudinally over each beam;
	2. Longitudinally along the span at the break points in the cross slope of the deck, and
	3. Longitudinally along curb lines at bridge barriers, sidewalks, etc.


	106.5 Bridge Barriers and Railings
	106.5.1 DelDOT Standard Bridge Barrier and Railing Applications
	1. Vertical Face Barrier – The 3 feet tall vertical-faced barrier is the preferred bridge barrier for highway vehicular use requiring a minimum of TL-3 on local roads utilizing box culverts, rigid frames, and adjacent box beams. The 3 feet 6 inches ta...
	2. F-Shape Barrier – The 3 feet F-shape barrier is the preferred bridge barrier for highway vehicular use on arterial and collector roadways and is considered a TL-4 application.
	3. Single Slope Barrier - The 3 feet 6 inches single slope barrier is the preferred barrier for highway vehicular use on freeways and expressways and is considered a TL-5 application. The 4 feet 2 inches tall double-sided single slope median barrier i...
	4. Parapet with Sidewalk – A 3 feet 6 inches barrier may be placed behind vertical curb and sidewalk to act as a combination rail. This application is considered a TL-2 application and shall only be used at low-speed locations which are defined as roa...
	5. Three Strand Tube Rail Parapet – The 3 feet 6 inches Three Strand Tube Rail Parapet are utilized on roadways where accelerated bridge techniques preclude the use of a concrete barrier. The bridge rail can also be used at locations where an open rai...
	6. Two Strand Tube Rail Parapet – The 3 feet 6 inches Two Strand Tube Rail Parapet is the preferred outside railing for bridges with sidewalks or shared-user paths.
	7. Aluminum Pedestrian Rail – The 4 feet DelDOT pedestrian rail is an alternative type of exterior protection for bridges with sidewalks or shared-user paths. This system is typically used on bridges over waterway and can only be used if there is a cr...
	8. Other Barriers – Barriers or railings not contained in Section 325.02 – Bridge Railing Details may be utilized with the approval of the Bridge Design Engineer. In all cases, the proposed barrier must be considered MASH compliant unless a crashworth...

	106.5.2 Bridge Barrier Design Considerations
	1. Bridge Barrier Concrete – Refer to Section 205.4.2.1 – Compressive Strength for concrete material properties.
	2. Barrier Protective Coating – Silicone sealer is to be applied to all exposed barrier faces, in accordance with Standard Specifications.
	3. Concrete Barrier Reinforcing Steel – Reinforcing steel meeting the requirements for AASHTO M31, Grade 60 should be specified. The minimum size of reinforcing in concrete bridge barriers should be a #4 bar. All barrier reinforcing steel shall be pro...
	4. Bridge Barrier Concrete Cover – Provide 2 inches minimum concrete cover for all concrete bridge barrier types.

	106.5.3 Protective Screening, Shielding, and Fencing
	106.5.4 Bridge Lighting

	106.6 Deck Joints
	106.6.1 Jointless Bridges
	106.6.2 Strip Seal Joints
	106.6.3 Steel Finger Joints
	106.6.4 Longitudinal Joints

	106.7 Approach Slab Design
	106.7.1 Approach Slab Geometry and Design Requirements
	1. Approach slab support notch at the rear face of the abutment backwall, or
	2. A support notch at the top of a concrete end-diaphragm.
	1. The deck joint shall be provided at the roadway end of the approach slab.
	2. A controlled joint in the concrete, with a diagonal bent bar through the joint shall be provided at the bridge end of the approach slab. This detail will allow for rotation of the superstructure relative to the approach slab, while maintaining the ...
	3. A sliding surface between the underside of the approach slab and the sleeper slab and fill shall be provided.
	4. When the approach slab is detailed to span over the backwall, 1-inch-thick preformed cellular polystyrene joint material or 1-inch-thick neoprene pad surface should be provided below the sliding surface provided to allow the approach slab to transl...
	5. When the approach slab extends over the approach wingwalls (U-wings), a 1-inch-thick preformed cellular polystyrene filler should be provided to allow the approach slab to move independently from the wingwalls.
	6. If the roadway end of the approach slab or sleeper slab is to be tied to the p.c.c. pavement, consider providing a zero skew for the roadway end of the approach slab or sleeper slab to assist with constructability of the p.c.c. pavement.


	106.8 Steel Superstructure Design Considerations
	106.8.1 Structural Steel – Material Requirements
	106.8.1.1 Grade 50 Steel
	106.8.1.2 Weathering Steel
	1. If the atmosphere contains concentrated corrosive industrial or chemical fumes.
	2. If the steel is subject to heavy salt-water spray or salt-laden fog.
	3. If the steel is in direct contact with timber decking; timber retains moisture and may be treated with corrosive preservatives.
	4. If the steel is used for a low urban-area bridge or overpass that creates a tunnel-like configuration over a road on which de-icing salt is used. In this situation, road spray from traffic under the bridge causes salt to accumulate on the steel.
	5. If the structure provides low clearance (less than 10 feet) over stagnant or slow-moving water.
	6. Regions where there is constant dampness without drying of the steel.

	106.8.1.3 High-Performance Steels

	106.8.2 Fatigue and Fracture Considerations
	106.8.2.1 Redundancy Requirements
	1. Load Path
	2. Structural (or System)
	3. Internal

	106.8.2.2 Welding and Weld Procedures

	106.8.3 Steel-Rolled Beams and Plate Girders
	106.8.3.1 Minimum Plate Thicknesses
	106.8.3.2 Plate Girder Geometric Proportionality – General Practice
	106.8.3.2.1 Plate Girder Webs
	106.8.3.2.2 Plate Girder Flange Width


	106.8.4 Shear Connectors
	106.8.5 Stiffeners, Diaphragms, and Bracing
	106.8.6 Bolted Connections
	106.8.7 Protective Coatings
	106.8.7.1 Paint Systems
	1. Type 1 (New Structural Steel): Use a paint system from NEPCOAT Qualified Products List A for shop-painted new structural steel.
	2. Type 2 (Re-painting of Existing Structural Steel): Use a paint system from NEPCOAT Qualified Products List B for field-painting structural steel.
	3. Type 3 (Overcoating of Existing Painted Structural Steel): Use a paint system from NEPCOAT Qualified Products List M for over-coating existing painted structural steel.
	4. Type 4 (Painting of Galvanized Steel): Use an MIO aluminum moisture-cured urethane paint system from NEPCOAT Qualified Products List M for painting galvanized steel surfaces.
	106.8.7.1.1 Painting of Weathering Steel
	106.8.7.1.2 Painting of Galvanized Steel
	106.8.7.1.3 Paint Color

	106.8.7.2 Galvanization
	1. Bolts, nuts, and washers, except when used with weathering steel
	2. Steel extrusions for strip seal joints
	3. Deck joint structural steel and deck joint support members
	4. Deck joint plates, including tooth dam plates and barrier slider plates
	5. Sign structures
	6. Steel downspouting


	106.8.8 Steel-Plate Girder and Rolled Beam Bridges
	106.8.8.1 Method of Analysis
	1. In lieu of the St. Venant torsional constant, J, the equivalent torsional constant, ,𝐽-𝑒𝑞., a better approximation of girder torsional stiffness, shall be used.
	2. For modeling of a cross-frame as a beam element in a 2-D grid model, the shear deformable (Timoshenko) beam element should be used. Refer to NCHRP Report 725 for the determination of the properties of the Timoshenko beam element.
	106.8.8.1.1 Determination of Appropriate Analysis Method using NCHRP Report 725
	1. The Skew Index, IS, defined as:
	2. The Connectivity Index, IC, defined as:
	3. The Torsion Index, IT, is a measure of the potential uplift at bearings and is defined as:
	4. The global second-order amplification factor, AFG, which scales the linear response obtained from first-order analyses to determine the second order effects. This index aids the designer in determining whether second-order effects need to be includ...


	106.8.8.2 Diaphragms/Cross-Bracing
	106.8.8.3 Bearings for Horizontally Curved and/or Skewed Steel Superstructures
	1. At fixed bearing lines, provide two fixed bearings at the two interior-most girders for cross sections with an even number of girders. Provide three fixed bearings at the three interior-most girders for cross sections with an odd number of girders....
	2. At expansion bearing lines, provide two guided expansion bearings at the two interior-most girders for cross sections with an even number of girders. Provide three guided expansion bearings at the three interior-most girders for cross sections with...


	106.8.9 Erection Analysis and Erection Plans
	106.8.9.1 Requirements for Designer
	1. Structure with one or more spans over 200 feet.
	2. Horizontally curved structures, and/or when advanced analysis (2-D grid or 3-D finite element analysis) is used in the design, per Section 106.8.8.1.1 – Determination of Appropriate Analysis Method using NCHRP Report 725.
	3. Where temporary supports, complex falsework, and/or conditions where multi-crane operations are anticipated to be required for the bridge erection.
	4. For erection over freeways, where MOT and/or lane closures are anticipated to be required during erection.
	5. For erection with potential for conflict and/or coordination with railroads or overhead utilities.
	106.8.9.1.1 Erection Plan Details
	1. Suggested construction sequence for the erection of field sections.
	2. Crane footprint for erection of field sections associated with the suggested erection plan, as needed for constructability and/or MOT.
	3. Crane picks in terms of single-girder or two-girder picks, as applicable or as needed for girder stability. Provide table of associated pick weights.
	4. Suggested layout and conceptual design of temporary support systems, per AASHTO’s Guide Design Specification for Bridge Temporary Works (1995).
	5. Requirements for stability/bracing of girders during erection. The actual number of bolts required at connections for bracing and splices, prior to release of crane, is not to be the requirement of the designer. This shall be the requirement of the...
	6. Limits of right-of-way, suggested means for construction access and staging areas, and limits of temporary easements, as required.
	7. MOT/rail operations during erection of field sections. This should include any requirements for detours, outages, etc. Provide list of outages in terms of number of outages required and requirements for overnight and/or time duration for each outage.
	8. Locations of potential conflicts associated with underground or overhead utilities, specifying means for avoidance, mitigating risk of interference, conceptual layout for temporary utility relocation, and/or design of permanent utility relocation.

	106.8.9.1.2 Construction Loading Conditions
	106.8.9.1.3 Cross-Frame Detailing Methods
	1. No-load fit (NLF)
	2. Steel dead load fit (SDLF)
	3. Total dead load fit (TDLF)
	1. Straight, skewed, all spans, Is < 0.30:   use TDLF
	2. Straight, skewed, spans < 200 feet, Is > 0.30:  use TDLF
	3. Straight, skewed, spans ≥ 200 feet, Is > 0.30:  use SDLF*
	4. Curved, radial bridges, all spans:    use SDLF**
	5. Curved, skewed, spans < 200 feet:    use SDLF***
	6. Curved, skewed, spans ≥ 200 feet:    use SDLF


	106.8.9.2 Erection Submittal Requirements for Contractor’s Engineer
	1. Erection plan and sequence for the sequential erection of field sections.
	2. Placement and size of crane for erection of field sections associated with the suggested erection plan.
	3. Indicate crane picks in terms of single-girder or two-girder picks, as applicable or as needed for girder stability. Provide table of associated pick weights. Erection submittal shall include crane charts for review and correlation.
	4. Design of temporary support systems, per Guide Design Specification for Bridge Temporary Works.
	5. Requirements for stability/bracing of girders during erection. Note that when the Contractor intends to partially complete bolted connections during stages of the erection, the Contractor shall provide calculations to support the temporary conditions.
	6. Limits of right-of-way, means for construction access and staging areas, and limits of temporary easements, as required.
	7. Show maintenance of highway traffic and/or railroad limits/rail operations during erection of field sections. This should include any requirements for detours, outages, etc. Provide list of outages in terms of number of outages required and require...
	8. Locations of potential conflicts associated with underground or overhead utilities, specifying means for avoidance, mitigating risk of interference, and/or temporary or permanent relocations.
	9. The Contractor will also be responsible for the design of temporary support systems and for design of the structure during all stages of construction, including conditions where members and/or connections are partially constructed.
	10. The Contractor’s design shall be in accordance with Section 106.8.9.1 – Requirements for Designer, and no less than what is required in the most recent edition of the Guide Design Specifications for Bridge Temporary Works.
	11. Contract documents shall specify that the contractor shall not perform the erection until review and approval of the erection submittal is received.


	106.8.10 Deck Placement Sequence Analysis and Design

	106.9 Prestressed Concrete Bridge Superstructures
	106.9.1 Materials
	106.9.2 Design Methodology
	106.9.2.1 Design Methodology

	106.9.3 Diaphragm Requirements
	1. Construction Stage:  During the construction stage, diaphragms help to provide beam stability for pouring the deck slab.
	2. Normal Operation:  During the life of the bridge, diaphragms act to distribute load, and are particularly advantageous for distribution of large overloads. Diaphragms also improve the structures resistance to impact loads from over-height vehicles ...
	1. 1/4 points of span for 120 feet < span length ≤ 160 feet
	2. 1/3 points of span for 80 feet < span length ≤ 120 feet
	3. Mid-point of span for 40 feet < span length ≤ 80 feet
	4. No diaphragms required for span lengths ≤ 40 feet

	106.9.4 Minimum Spacing of Prestressing Tendons
	1. Center-to-center spacing of 2 inches; or
	2. Clear distance of 2 times the maximum size of aggregate.

	106.9.5 Tensile Stresses Due to Prestressing
	1. De-bond strands at the end of the unit to reduce the overstress. When de-bonding is required, the following criteria shall be followed in addition to that specified in Section A5.11.4.3 – Partially Debonded Strands:
	a. No more than 40 percent of the total number of strands in any one row may be de-bonded, per Section A5.11.4.3 – Partially Debonded Strands. The number of de-bonded strands may be rounded to the next higher number for the case of an odd number of st...
	b. The maximum number of cut-off points shall be limited to six;
	c. A minimum of 12 inches shall be provided between cut-off points;
	d. De-bonding of adjacent strands in the same row and/or column shall be avoided;
	e. In the webs of box beams, de-bonded strands shall not occur in consecutive rows;
	f. In the web of PCEF bulb-tee beams, do not de-bond strands directly above one another in consecutive rows.

	2. Drape strands for PCEF bulb-tee beams. When draping is required, the following criteria shall be followed:
	a. The slope of the deflected strands shall be limited to 9 degrees;
	b. The total hold-down force of all draped strands shall not exceed 75 percent of the total beam weight;
	c. When the initial hold-down force exceeds 20 kips, place the following note on the Plans:


	106.9.6 De-bonding Versus Draping
	1. Draping of strands in slab, NEXT beams and box sections shall not be allowed;
	2. Bulb-tee beams should be de-bonded for beam lengths up to 120 feet; for beam lengths over 120 feet, the designer should use draped strands.
	3. Draping strands is typically more effective for beams that are 87 inches or deeper; and
	4. If de-bonding works with the addition of six strands or less, in comparison to draping, then design using de-bonded strands.

	106.9.7 Reinforcement
	106.9.7.1 Composite Shear Reinforcement
	106.9.7.2 Anchorage Zone Reinforcement

	106.9.8 Skew Effects
	1. Analysis:  Typically, the effect of skew on beam analysis is accounted for by including the skew correction factor. It is assumed that skew has little effect on normal spans and normal skews. For short, wide spans and for extreme skews (values over...
	a. Adjacent box beams:  40 degrees maximum skew
	b. Spread-box beams:  45 degrees maximum skew
	c. I-Beams and bulb-tee beams:  60 degrees maximum skew
	d. NEXT beams:  30 degrees maximum skew

	2. End Detailing:
	a. Box beams:  To minimize labor costs and to avoid over-stressing, it is preferable that the ends of box beams be skewed. Skewed ends of box beams should match the skew of the substructure unit they rest on at either end.
	b. I-Beams and bulb-tee beams:  The ends are permitted to be clipped to avoid interference with another beam or backwall. The clipped flange, however, must not extend into the web.

	106.9.8.1 Grade and Cross-Slope Effects
	1. I-Beams and bulb-tee beams:  Set beams truly vertical in all cases.
	2. Spread box beams:  Set beams truly vertical or on a slope to conform to the deck cross-slope. Special consideration should be considered when setting on a slope in areas of super-elevation transition or within a vertical-curve profile with skewed s...
	3. Adjacent box beams and NEXT beams:  Set beams to conform as closely as practical to the deck cross-slope to minimize the haunch thickness and to align holes for the transverse post-tensioning tendons or rods. In areas of super-elevation transition ...

	106.9.8.2 Horizontal Curve and Flare Effect

	106.9.9 Camber
	106.9.9.1 Consideration for Staged Construction Camber
	106.9.9.2 Simple Spans Made Continuous


	106.10 Bearings
	106.10.1 Elastomeric Bearings
	106.10.1.1 Steel-Reinforced Elastomeric Bearings

	106.10.2 High-Load Multi-Rotational Bearings
	106.10.2.1 Pot Bearings
	106.10.2.2 Disc Bearings
	106.10.2.3 Spherical Bearings
	106.10.2.4 Mechanical Bearings

	106.10.3 Guidelines for Bearing Selection
	106.10.3.1 Bearing Type Preferences
	1. Rectangular steel reinforced elastomeric pads shall be used for straight bridges with skews less than or equal to 20 degrees, when structurally feasible.
	2. For skews greater than 20 degrees and horizontally curved girders, use circular elastomeric pads or HLMR bearing types.
	3. When compressive capacity cannot be accommodated by steel reinforced elastomeric pads, select the most cost-effective HLMR bearing type, with a general preference for pot bearings.
	4. When movement capabilities and/or stability checks cannot be achieved with steel reinforced elastomeric pads, the use of PTFE/stainless steel sliding surface details in conjunction with the steel reinforced elastomeric pad shall be considered. If t...

	106.10.3.2 Feasibility due to Fabrication, Installation and Testing Limitations

	106.10.4 Loads, Rotation and Translation
	106.10.5 Design Requirements
	106.10.5.1 Elastomeric Bearings
	106.10.5.2 High-load Multi-Rotational Bearings
	106.10.5.3 Design Limitations

	106.10.6 Consecutively Fixed Piers
	106.10.7 Accommodations for Future Bearing Replacement
	106.10.8 Bearings for Horizontally-Curved and/or Skewed Bridges
	106.10.9 Anchorage to Structure
	106.10.9.1 Sole Plates
	106.10.9.2 Masonry Plates and Anchor Rods

	106.10.10 Lateral Restraint
	106.10.11 Uplift Restraint
	106.10.12 Bearing Schedule
	1. Provide a schedule of all minimum and maximum vertical and horizontal loads for LRFD Load Combinations as shown in Table 106-2. The schedule shall include all longitudinal and transverse forces, as well as seismic forces. The schedule is not requir...
	2. Indicate minimum design rotation requirements of the bearing, including construction tolerances.
	3. Indicate and properly detail all anchorage details and/or requirements for constructability of initial installation and future replacement, and for permanent design requirements.
	4. Provide details and indicate grades, bevels, and slopes for each bearing type.
	5. Indicate the coefficient of friction used in design of the sliding surfaces.
	6. Highlight any special details needed for seismic requirements, such as uplift details, temporary attachments, or other requirements.
	7. Show beam seat elevations based on an assumed total bearing thickness stated in the Plans.


	106.11 References
	107.1 Introduction
	107.2 Terms
	107.3 Foundation Design
	1. Specify sub-foundation backfill from the rock surface to the bottom of footing.
	2. Use sub-foundation concrete instead of backfill where the depth to bedrock is shallow (less than 5 feet). Dimensions of the sub-foundation concrete should be shown on the plans.
	3. Construct a taller abutment, pier, or retaining wall.
	4. Lower the bottom of the footing by creating a thicker footing.
	5. Predrill to obtain the required 10-foot-minimum pile length at locations where this minimum length will not be met.
	107.3.1 Settlement Considerations
	107.3.2 Spread Footing Foundations
	107.3.3 Deep Foundations
	107.3.4 Pile Foundations
	1. Precast-prestressed concrete piles
	2. Steel-pipe piles
	3. Steel-shell piles (cast-in-place piles)
	4. Steel H-piles
	5. Timber piles
	107.3.4.1 Precast-Prestressed Concrete Piles
	107.3.4.2 Steel Pipe Piles
	107.3.4.3 Steel Shell and Cast-in-Place Piles
	107.3.4.4 Steel H-Piles
	107.3.4.5 Timber Piles
	107.3.4.6 Drilled Shaft Foundations
	1. Straight shaft, end-bearing drilled shaft. Load is transferred by base resistance only.
	2. Straight shaft, side-wall-shear drilled shaft. Load is transferred by side resistance only.
	3. Straight shaft, side-wall-shear and end-bearing drilled shaft. Load is transferred by a combination of shaft and base resistance.
	4. Straight shaft in rock. Shaft resistance in soil may be considered under some circumstances with the approval of the Bridge Design Engineer, but resistance is predominately through rock sockets.

	107.3.4.7 Micropiles, Auger-cast Piles, and New Pile Technologies
	1. Noise and vibration are minimized compared to pile driving;
	2. The technology can be installed under limited overhead clearance (low headroom conditions);
	3. Cutoffs and splices are eliminated, faster installation time;
	4. Can be installed through obstructions (e.g., boulders, cobbles);
	5. Eliminates the need for a grouting plan in karst conditions (voids within bedrock); and
	6. Ideal for retrofitting existing structures with minimum disturbance.

	107.3.4.8 Selection of Deep Foundation Type
	1. Subsurface conditions: soil type and density/consistency, pile obstructions, depth to rock;
	2. Project location: urban setting, vibration damage to adjacent structures; limited overhead clearance (low-headroom conditions); construction access space; waterborne operations permitting the use of longer pile sections;
	3. Hydrological setting or environment: potential for scour, potentially corrosive environment, artesian conditions; and
	4. Topography.

	107.3.4.9 Pile-Bearing Capacity

	107.3.5 Additional Foundation Details
	107.3.5.1 Design Footing and Pile Resistance
	107.3.5.2 Scour
	1. Spread Footings on Bedrock
	a. Bottom of footing shall be a minimum 6 feet below adjacent streambed elevation.
	b. Bottom of footing should be below the scour depth.
	c. Limit items (a) and (b) to bottom of footing maximum 3 feet below top of rock.

	2. Spread Footings on Soil
	a. Top of footing should be below total scour depth.
	b. Bottom of footing should be minimum 6 feet below adjacent streambed elevation.

	3. Footings on Piles/Drilled shafts
	a. Top of footing should be below contraction scour depth (only contraction scour, not total).
	b. Bottom of footing should be a minimum of 6 feet below adjacent streambed elevation for piers, and 4 feet for abutments.
	c. Piles/drilled shafts should be assumed to be unsupported down to the total scour depth.


	107.3.5.3 Stepped Footings
	107.3.5.4 Corrosion and Deterioration
	107.3.5.4.1 Concrete Footings, Piles, and Shafts
	1. Minimum concrete cover as follows:
	a. Cast-in-place reinforced concrete, 3 inches
	b. Precast reinforced concrete, 3 inches
	c. Prestressed concrete / prestressed strands – 2½ inches; secondary reinforcement – 1½ inches

	2. Maximum water/cement ratio of 0.45 (by weight)
	3. Use of air entrainment
	4. No concrete additives containing chlorides
	5. Use of epoxy-coated reinforcement
	6. Use of sulfate cement, as per Table 107-10

	107.3.5.4.2 Steel Piles and Casings
	1. Deduct 1∕16 inch (minimum) from the exposed surface of the pile used to compute section capacity. Corrosion losses are typically assumed to be less than 1/16 inch, based on collective experience.
	2. Apply a coating, such as a coal-tar epoxy, which has good dielectric strength; is resistant to abrasive forces during driving; and has a proven service in the type of corrosive environment anticipated. The reduction in skin resistance shall be acco...

	107.3.5.4.3 Timber Piles
	107.3.5.4.4 Stray Currents



	107.4 Substructure Design
	107.4.1 Abutment Design
	1. Semi-integral abutments
	2. Integral abutments
	3. Reinforced-concrete stub abutments
	4. Reinforced-concrete cantilever
	107.4.1.1 Semi-Integral Abutments
	107.4.1.1.1 Geometry Considerations
	107.4.1.1.2 End-Diaphragm Design
	107.4.1.1.3 Abutment Stem and Foundation Design
	107.4.1.1.4 Semi-Integral Abutment Behind MSE Wall

	107.4.1.2 Integral Abutments
	107.4.1.2.1 Geometry Considerations
	107.4.1.2.2 Integral Abutment Pile Foundation Design
	1. Capacity of steel member based on moment and axial forces in pile;
	2. Capacity of the pile to transfer load to the ground; and
	3. Capacity of the ground to support the pile.

	107.4.1.2.3 Pile Cap Design
	107.4.1.2.4 Superstructure/Substructure Connection
	107.4.1.2.5 Integral Abutment Behind MSE Wall

	107.4.1.3 Reinforced-Concrete Stub Abutments
	107.4.1.3.1 Stub Abutments Behind MSE Wall
	1. As a preliminary starting point for determining span length, the centerline of bearings should be assumed as 4 feet behind the front face of the MSE wall.
	2. A minimum distance of 2 feet shall be provided between the back of the MSE panel and the front face of the abutment footing.
	3. The top of the MSE wall coping in front of the abutment footing shall be set 1 foot above the berm elevation.
	4. A minimum vertical clearance of 4 feet shall be provided between the bottom of the superstructure and the berm in front of the abutment footing.


	107.4.1.4 Reinforced-Concrete Cantilever Abutments
	107.4.1.5 Abutment, Backwall, and Wingwall Details
	107.4.1.5.1 Stem Thickness and Seat Width
	107.4.1.5.2 Wall Batter
	107.4.1.5.3 Bearing Pedestal Dimensions
	107.4.1.5.4 Drainage
	107.4.1.5.5 Protective Sealing of Surfaces
	1. Epoxy Sealer – an epoxy sealer shall be applied to the beam seats, bearing pedestals, and the vertical surface of the backwall for abutments with joints.
	2. Silicone Sealer – a silicone sealer shall be applied to all exposed concrete abutment and wingwall surfaces, which do not require an epoxy sealer.

	107.4.1.5.6 Wingwalls
	107.4.1.5.7 Cheekwalls
	107.4.1.5.8 Scour Protection
	107.4.1.5.9 Roadside Treatment Under Structure
	107.4.1.5.10 Adhesive Anchors
	107.4.1.5.11 Backfill



	107.5 Pier Design
	1. Separate or continuous footings
	2. Footing size
	3. Type of pier-column, solid shaft, or hammer head
	4. Number, spacing, and size of columns
	5. Shaft dimensions
	6. Cap size.
	107.5.1 Pier Analysis and Design
	107.5.2 Fixity Considerations
	107.5.3 Pier Detailing
	107.5.4 Pile Bents
	107.5.5 Protective Sealing of Surfaces
	1. Epoxy Sealer – an epoxy sealer shall be applied to the beam seats and bearing pedestals.
	2. Silicone Sealer – a silicone sealer shall be applied to all exposed concrete pier surfaces that do not require an epoxy sealer.


	107.6 Retaining Wall Design
	1. Mechanically stabilized earth (MSE) walls
	2. Reinforced-concrete cantilevered walls
	3. Post-and-plank walls
	4. Sheet-pile walls
	107.6.1 Mechanically Stabilized Earth Walls
	107.6.1.1 Select Granular Backfill
	107.6.1.2 Designer Responsibility
	1. Plan, elevation, and sections illustrating all geometry for the MSE wall;
	2. Location of utilities and roadway appurtenances such as barriers, lighting, and drainage facilities;
	3. Location of temporary excavation support systems;
	4. Limits of excavation;
	5. Factored soil-bearing capacity at the base of the wall;
	6. Vertical dead and live loads, horizontal loads, and pressures applied to the wall from the bridge abutment or supporting foundation;
	7. Minimum recommended base width based on external stability (bearing capacity, sliding, overturning) and global stability; and
	8. Soil parameters, including unit weights, friction angles, earth-pressure coefficients, and water-table elevation.

	107.6.1.3 MSE Wall Manufacturer Responsibility

	107.6.2 Reinforced-Concrete Cantilevered Walls
	107.6.3 Post and Plank Walls
	107.6.4 Sheet-Pile Walls
	107.6.4.1 Steel Sheet Piles
	107.6.4.2 Concrete Sheet Piles


	107.7 Culvert Design
	1. Skew culverts as required to match the stream alignment.
	2. Construct no more than three culvert barrels at a single location. Wider rows of cells are undesirable because of the increased maintenance they create due to debris build-up. Single-barrel culvert designs are preferred.
	3. Provide a monolithic headwall at each end to join the adjacent longitudinal barrels, when two or more single-barrel reinforced concrete box culverts are abutting.
	107.7.1 Culvert Hydraulics
	107.7.2 Culvert Foundation Design
	107.7.3 Concrete Culverts
	1. Precast concrete box culverts, in accordance with ASTM C1577
	2. Precast concrete rigid frames
	3. Precast concrete arches
	4. Cast-in-place concrete box culverts.
	107.7.3.1 Precast Concrete Box Culverts
	107.7.3.2 Cast-In-Place Concrete Box Culverts
	107.7.3.3 Reinforced Concrete Rigid Frames
	107.7.3.4 Concrete Arches
	107.7.3.5 Precast Proprietary Structures
	1. Structure is designed using the same AASHTO methods used by the Department;
	2. Structural load rating is provided using accepted methods;
	3. Specified minimum concrete strength is the same;
	4. Documentation is provided of the structural strength of the structure, including actual test results;
	5. Successful long-term service and durability is shown;
	6. Connection details between units are shown; and
	7. Post-tension segments are used, in accordance to the manufacturers’ recommendations.


	107.7.4 Pipe Culverts
	107.7.5 Culvert Details
	107.7.5.1 Headwalls
	107.7.5.2 Wingwalls
	107.7.5.3 Cutoff Walls
	107.7.5.4 Scour Aprons
	107.7.5.5 Guardrail Attachments
	107.7.5.6 Protective Sealing of Surfaces


	107.8 Architectural Treatments
	107.9 Temporary Excavation Support Systems
	107.10 References
	108.1 Introduction
	108.2 Application
	108.3 Terms
	108.4 Load Rating Specifications
	108.5 Load Rating Process
	108.6 Responsibility
	108.7 Quality Control Procedures
	108.7.1 Quality Control Roles and Responsibilities
	108.7.2 Load Rating Engineer Qualifications
	108.7.3 Load Rater Qualifications
	108.7.4 Load Rating Reviewer Qualifications
	108.7.5 Review and Validation of Load Rating Reports
	108.7.6 Resolution of Data, Errors and Changes

	108.8 Quality Assurance Procedures
	108.8.1 Quality Assurance Roles and Responsibilities
	108.8.2 Load Rating Quality Assurance Review Procedures
	108.8.2.1 Sampling Parameters
	108.8.2.2 Acceptance Criteria
	1. Is the load-rating report complete?
	2. Does the report format conform to this Manual?
	3. Do the Load Rater and Load Rating Reviewer meet the qualifications of this Manual?
	4. Is the bridge modeled correctly?
	5. Are the input data correct?
	6. Has the bridge record been updated correctly?
	7. Has the load posting restriction/removal been documented, distributed, and signage properly installed?

	108.8.2.3 Annual Report


	108.9 Load Rating Requirements
	108.9.1 New Bridges
	108.9.2 Rehabilitated Bridges
	108.9.3 During Construction
	108.9.4 Bridge Inspections
	108.9.5 Load Rating Timeline
	108.9.5.1 New Bridge and Rehabilitated Bridges
	108.9.5.2 Load Ratings Based on Bridge Inspections
	108.9.5.3 Periodic Load Rating Review

	108.9.6 Rated Members

	108.10 Load Rating Procedures
	108.10.1 Analytical Steps in Load Rating
	1. Determine section properties
	2. Determine material properties (e.g., yield strength, compressive strength)
	3. Calculate section capacities
	4. Calculate dead-load effects
	5. Calculate live-load distribution
	6. Calculate live-load effect
	7. Calculate rating factors.

	108.10.2 Information Gathering
	108.10.2.1 Material Properties

	108.10.3 Load Rating Methods
	108.10.3.1 Load and Resistance Factor Rating Method
	108.10.3.2 Diagnostic Load Testing
	1. When analytical results provide a rating factor less than 1, but the bridge is otherwise showing no visual signs of distress.
	2. When record construction plans for the bridge are not available or do not have sufficient detailed information.
	3. When calibrating load rating data for such factors as distribution, fixity, and composite action.

	108.10.3.3 Pipe Culverts
	108.10.3.4 Other Methods

	108.10.4 Structural Analysis and Tools
	108.10.4.1 Structural Analysis Requirements
	108.10.4.2 BRASS Data Set Standards

	108.10.5 General Load Rating Equation
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	3. Severed or sharply bent wires are to be analyzed for increased strand stress and fatigue, and strands repaired or beam replaced accordingly.
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	109.11.3 Repair Methods
	109.11.3.1 Bearing Seat Repairs
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	110.3.2.2 Materials
	110.3.2.3 Design Criteria
	1. Any LRFD LTS optional design parameter noted as “may be used at the discretion of the Owner” or “unless required by the Owner” that is not addressed within Section 110 shall not be required as part of the design.
	2. Modify Chapter 3 of LRFD LTS as follows:
	a. Add note under Table 3.8-1 – Assume High risk for NHS routes and Typical risk for all other routes for and all sign structures and traffic signals and DMS and high mast lights that can reach the travel way (height greater than offset distance from ...
	b. Replace figures 3.8-1 through 3.8-4 with the following table:
	c. Replace first paragraph in Article 3.8.2.1 with the following: For bridge mounted ancillary structures and other site conditions where structures may be elevated above the surrounding terrain, the height factor used shall be increased to account fo...

	3. Modify Chapter 11 of LRFD LTS as follows:
	a. Add the following table to end of Article 11.6:

	4. Add the following to the end of Article 11.7.1.1: Galloping loads can be ignored for signal mast arm structures with a DelDOT-approved mitigating device.
	1. Add the following t the end of Article 11.8: Vertical deflections of the free end of cantilever sign structures and signal mast arm structures due to galloping or truck-induced gust loads shall be limited to 8 inches. This requirement can be ignore...
	1.
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	110.3.2.4 Consideration for Future Conditions

	110.3.3 Design Process
	1. The Traffic Section determines the size, type, and location (with respect to the roadway) of sign panels, or VMS assembly to be supported by the sign structure.
	2. Locate the sign foundation(s) to adequately place them outside of the roadway clear zone where practical. Note that bridge-mounted sign structures are not desirable, and require approval from the Bridge Design Engineer.
	3. Locate existing and proposed utilities in the area of the sign, and coordinate installation and tie-in of electric, ITS, etc., when required.
	4. Determine the required span length and sign-panel height based on the minimum required horizontal and vertical clearances, as well as sign-panel dimensions.
	5. Determine the most appropriate sign structure type based on the design considerations outlined in this section. If using an overhead-type sign structure, determine if a single- or double-mast sign structure is needed based on the sign-panel height.
	6. Determine post heights. The post height is measured from the bottom of base plate to the centerline of the horizontal mast arm (the lowest mast arm for a double-mast sign structure).
	7. Design and detail the structure in accordance with Section 110.3.2 – General Design Considerations and Section 110.3.3 – Design Process.
	8. Complete the overhead sign structure plan set by providing all applicable design criteria and details for the following: materials, design sections, splice and base plate connections, foundation data, catwalk framing and connections, and vibration ...
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	110.4.1.2 General Criteria
	110.4.1.3 Materials
	110.4.1.4 Detailing Connections
	110.4.1.5 Loads
	110.4.1.6 Miscellaneous

	110.4.2 Foundations
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	111.1 Working Drawings
	111.1.1 Required Working Drawings
	1. Fabricated structural steel including, but not limited to, the following:
	a. Primary and secondary members, such as girders, trusses, beams, framing systems, cross bracing, diaphragms, and stringers
	b. Expansion joints
	c. Sign structures

	2. Pre-tensioned, pre-post-tensioned, and post-tensioned concrete beams and panels
	3. Permanent metal deck forms
	4. Metal plate culverts
	5. Precast concrete culverts, Three-sided Frames and Arches
	6. Precast deck sections –Pretensioned, post-tensioned, or reinforced concrete
	7. Timber bridges
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	111.1.2 Working Drawings Review Procedure
	1. Returned for Resubmission – in this case, revisions or corrections must be made, and the drawings resubmitted for review.
	2. Reviewed for General Conformity with Plans and Specifications – in this case, if the contractor agrees with the comments, the comments shall be incorporated, and a resubmission is not required.
	111.1.2.1 Consultant Review of Working Drawings

	111.1.3 Technical Guidelines for Review of Working Drawings
	1. Fabricated Structural Steel: shall be reviewed in accordance with the Shop Detail Review/Approval Guidelines (2000) developed by the AASHTO / National Steel Bridge Alliance (NSBA) Steel Bridge Collaboration.
	a. Expansion Joints
	b. Bridge Railings and Protective Fences
	c. Bridge Bearings
	d. Pre-Tensioned and Post-Tensioned Concrete Beams and Panels
	e. Permanent Metal Deck Forms (SIP Forms)
	f. Proprietary Retaining Walls (MSE Walls, Bin-Type Walls)
	g. Proprietary Precast Concrete Arch Culverts (e.g., ConSpan)
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	4. Safety-related changes;
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	6. All bridge changes, except quantity changes and foundation stabilizations not related to spread-footing bearing;
	7. New specifications for materials;
	8. Other items, if approved by the Construction Engineer.
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